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Introduction
Fallow deer (Dama dama) became extinct from most of the European mainland during the last glacial period, and current knowledge suggests that the species survived the Pleistocene in only Sicily, the southern Balkan Peninsula and southern Anatolia (MASSETI, 1996) . Today, it is believed that the indigenous populations of Sicily and Balkan Peninsula became extinct during the Middle Ages, and that the Anatolian population is the only indigenous fallow deer population that has survived until recent days, which is confirmed by archaeozoological evidence (MASSETI, 1996) . Unlike many other temperate species after the last Ice Age, fallow deer did not naturally recolonize central and northern Europe, but the current distribution of European fallow deer is mostly influenced by human-mediated introductions (CHAPMAN and CHAPMAN, 1980) . Records show that the spread of fallow deer began in the early Neolithic within Greece, and then increased in the Bronze Age, with translocations into the Western Mediterranean (YANNOULI and TRANTALIDOU, 1999) . The Romans introduced fallow deer all over Europe, and many recent populations originate from reintroductions in the medieval period (SYKES et al., 2016) . More recently, humans spread the species into the Near East, North and South America, northern and southern Africa, Australia, New Zealand and again widely across the Europe (CHAPMAN and CHAPMAN, 1980; ARSLANGÜNDOĜDU et al., 2010; KJELLANDER et al., 2012; CHAKANYA et al., 2016) . Although fallow deer have prospered within much of their introduced range, numbers have dwindled within its postglacial native range of Turkey because of uncontrolled hunting (MASSETI, 2007; MASSETI and MERTZANIDOU, 2008; BAKER et al., 2017) . The estimated global population of farmed fallow deer is close to 5 million, and New Zealand accounts for over one-half of the world's production of farmed deer (DASZKIEWICZ et al., 2015) . In Europe, intensive farming prevails primarily because of the importance of fallow deer in the meat industry (CHAKANYA et al., 2016) .
According to the hunting regulations in Croatia, fallow deer are listed as a game species and kept primarily in fenced areas, less on open hunting grounds and farms. One of the open areas where fallow deer are kept in Croatia is the Brijuni National Park. The park encompasses 14 islands, of which the largest is Veliki Brijun with an area of 5.72 km 2 , only 2 km away from the nearest land. Besides indigenous animals on open ground, numerous game and exotic species were introduced to the island as it was once used as a residence for the economic and political elite. Llamas (Lama gama), zebras (Equus quagga), zebu cattle (Bos taurus) and Asian elephants (Elephans maximus) were kept in a fenced "Safari Park" area and some of the offspring of these exotic animals still live within the Park today. Fallow deer, along with axis deer (Axis axis) and European mouflon (Ovis aries musimon) were first introduced to Veliki Brijun in around 1900 (FATOVIĆ -FERENČIĆ, 2006; TRBOJEVIĆ VUKIČEVIĆ et al., 2012) . Since then, fallow deer have lived on the Brijuni Island in specific conditions since there are no natural predators and their food is partly provided by humans (ROBIĆ et al., 2016) . Individual animals have crossed the channel and colonized the mainland area of southern Istria, but there is no written evidence of return movement (SALAJ, 2000) . Considering the isolation of the fallow deer population on the island, the genetic diversity of the population may easily be questioned, as there are no records of any subsequent introduction of new animals after 1900.
Previous research suggests low levels of mitochondrial diversity within most European fallow deer populations, with the exception of Italy and Rhodes (Greece). Although the Italian and Rhodes populations show higher levels of mitochondrial diversity, it is still considered low compared to the haplotype diversity in other deer species (BAKER et al., 2017) . Also, high degree of differentiation between populations was found, especially among northern and southern ones reflecting the likelihood of glacial refugia (BAKER et al., 2017) . This supports the assertion that the northern European populations (including central Europe) were created by the translocations of a few individuals from Turkey, and are affected by the genetic drift (BAKER et al., 2017) .
The aim of this study was to analyze the genetic diversity of the fallow deer population from Brijuni National Park, Croatia. To date, there have been no studies published on the genetic diversity of the fallow deer population in Croatia, so this is the first research of that kind.
Materials and methods
DNA was extracted from the muscle tissue of 22 fallow deer individuals. Samples were collected in 2013 from animals culled as part of the regular population control activities implemented by the National Park service according to the "Wildlife Protection Program in Brijuni National Park" (JU NP BRIJUNI, 2013).
Genomic DNA was extracted u sing the Wizard ® Genomic DNA Purification Kit (Promega) following the manufacturer's protocol. The mitochondrial DNA (mtDNA) control region was amplified using primers DamaCtr1F (5′-ATTAATATAGCTCCATAAAAATCA) and DamaCtr1R (5′-AGGAAAGAACCA GATGTCTGATAA) . Polymerase chain reactions (PCR) were carried out in 20 µL, containing 150 -250 ng of DNA extract, 1,1 U of Platinum ® Taq DNA Polymerase (Invitrogen), 1x PCR buffer, 0,2 mM dNTPs, 1,7 mM MgCl 2 and 0,3 µM of each primer. Reactions were performed in a Veriti 96-Well Thermal Cycler (Applied Biosystems) with an annealing temperature of 56 °C and 35 cycles. PCR products were purified and sequenced by the company Macrogen, Amsterdam, Europe.
Sequence alignment was performed using Clustal W (THOMPSON et al., 1994) implemented in BioEdit 7.2.5 (HALL, 1999) and sequences were manually edited. We used DnaSP 6.0 (ROZAS et al., 2017) to calculate the number of haplotypes, nucleotide diversity (π), haplotype diversity (h), and the average number of nucleotide differences (k) (TAJIMA, 1983) .
results and discussion
We analyzed 22 fallow deer mtDNA sequences in a total length of 405 base pairs (bp), corresponding to loci 15,486 -15,890 of the entire fallow deer mtDNA sequence retrieved from the GenBank database (accession number JN632629, HASSANIN et al., 2012.) . One polymorphic site was identified yielding two unique haplotypes, named DDC1 and DDC2 (Dama dama Croatia). The more frequent haplotype, DDC1, was detected in 14 samples (63.6%), while the DDC2 haplotype was present in 8 samples (36.4%). The haplotype diversity (h) of fallow deer from the island of Veliki Brijun was 0.485 +/-0.064, while the nucleotide diversity (π) was 0.0012 and the average number of nucleotide differences (k) was 0.485.
Our data are accordant with studies on other European populations and depict low haplotype diversity similar to populations in Spain and Ireland, but they differ from the larger continental populations found in Germany, Hungary or Portugal (Table 1) . Nevertheless, it is difficult to interpret the results of genetic diversity and structure due to the lack of data about indigenous populations, and because of the numerous translocations from Turkey to Europe, and then among other European countries. Furthermore, breeding in closed populations and significant human impact also influence the genetic diversity.
We compared our results with 37 mtDNA control region sequences from other European populations in a length of 329 bp. We found that our haplotype DDC1 matched sequences JN632629 (HASSANIN et al., 2012) and JF505624 (LUDWIG et al., 2012) from Germany, while our haplotype DDC2 matched the sequence JF505623, also from Germany (LUDWIG et al., 2012) . The sequence JF505623 was the most common haplotype in Germany (LUDWIG et al., 2012) and it was also identified in Hungary and Italy . It is believed that a total of 15 mitochondrial haplotypes were introduced to Europe (LUDWIG et al., 2012) . Phylogenetic analyses provided by KUSZA et al. (2018) revealed five distinct groups within world-wide fallow deer mtDNA sequences: (1) including fallow deer from Italy and Germany; (2) samples from Iberia (Spain and Portugal); (3) including Rhodian and a few Italian fallow deer; (4) sequences from Canada, Africa, the Middle East, and across Europe; and (5) including individuals from Anatolia (Turkey). A similar pattern in the phylogenetic analyses of fallow deer was previously reported by LUDWIG et al. (2012) and BAKER et al. (2017) . LUDWIG et al. (2012) confirmed that the founder population of fallow deer in Germany had Turkish origins and, considering the same haplotypes were found in our study, we may also draw the same conclusion from our data. Unfortunately, there are no records about the number and origin of animals introduced to Veliki Brijun in the 1900s. Also, there are no records of any further introductions, except anecdotal testimonies about fallow deer that were brought to the island in the 1970s, again without any written record about the number or origin of the animals. 
